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Past research on cassava production and yield evaluations indicate 
that more research' is needed in determ_ining appropriate herbicides for 
weed- control on cassava. Nevertheless, this study is an attempt .to explore 
the effect of herbicides in relation to cassava yields. However, bhis 
vii 
study will literally compare the yields of hand weeded cassava with the yields 
of herbicide treated cassava. The cost of production and other related 
' 
costs could be determined. 
Five sweet cassava vareities: Manihot Machetazo; Manihot Tre-Mujeres; 
Manihot Machetaz to; Manihot Mucana; and Manihot Pomo were selected for 
analysis. These five cassava var.j.eties were selected because they possess 
similar yield characteristics. 
A stratified random sample of 600 plants were selected from the five 
sweet cassava species with 30 plants selected from each variety. A 50/50% 
split in each variety was maintained for effective control of erroneous. 
results. The analysis of variance (AN0VA), test of significance (T-test) and/ 
or paired comparison were used to determine the degree of relationship 
(significance) between the yields of hand weeded cassava and the yields of 
herbicide weeded cassava. 
This study demonstrates that there is a very significant difference 
between the yields of hand weeded cassava and those of the chemical weeded. 
However, further research involving more field work using the same cassava 
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The purpose of this study is to compare the yields of herbicide weeded 
cassava and the hand weeded cassava (manihot esculenta crantz-sweet cassava). 
Background 
Cassava is primarily a lowland t·ropical crop, but it can be grown up 
to 5,000 feet on the equatorial regions of the world. Areas with annual 
rainfall ranging from 20-200 inches fa~or the growth and productivity of 
cassava and it does not perform very well in cold or frosty regions. It 
can stand a prolonged period of_drought after about.three months of planting. 
It grows well on sandy or sandy loam soils of reasonable fertility but does 
not grow well on too stony, too shallow or waterlogged soils. It favors 
shifting cultivation as it is almost always the last crop taken in crop rotations. 
Cassava is a short-lived shrub, about 1-5 m high with latex in all its 
parts. The cassava roots, (main source of food) usually 5-10 tubers per plant, 
the tubers are cylindrical or tapering, about 15-100 cm long and about 3-15 cm 
across and occasionally branched. _ 
The structure of cassava roots, stems, leaves, flowers, fruits, seeds; 
and farms are demonstrated in Fig•. I and II of this exercise. 
Cassava was first explored by the Indians, later the Spainards and then 
the Portuguese. It was introduced into Wes_t Africa by the Portuguese in the 
early 16th century after its use in tropical America. A little later, it 
was introduced into Southern Asia. It was abundant in Florida as early as 
1860, and was used for starch during the American Civil War. 
Between 1985 and 1900 cassava product (starch) became commercialized 
in the state of Florida and now it is becoming a common crop as far west at 
·.Texas. 
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Prior to the 19th century, cassava was of little importance to the West 
Africans but its use and spread has increased in the 20th century, and it 
was not known North of the River Niger (in West Africa) before 1914. 
It is commonly referred to as shrub plant which is perennial in the 
tropics but annual in temperate regions, All varieties of cassava·(sweet or 
bitter) can be propagated by either cutting or by seeds, These cuttings can 
be made at any time of the year in tropical countries but extra care must be 
taken to preserve the seed-cones through the winter in the temperate regions 
where cassava yields are low. 
The cluster of flesh roots (tubers) which have a resemblance to sweet-
potato is the edible part of cassava. 
·Short-seasoned cultivers (sweet cassava-manihot esculenta crentz)mature 
as early as 6 months after planting; it has low hydrogen cynide (HCN) content 
and cart not be left in the ground (soil) longer than 9-11 months without 
serious deterioration and sometimes decay, The long-seasoned cassava cultiver 
(bitter cassava). has high levels of HCN and may be left in the gro_und between 
3-4 years without serious deterioration, 
The present day Africans encourage cassava cultivation as a famine reserve 
and as against locust attack and so, the rest of the world has less cassa,a 
than Africans. 
Research report (Nichols and Rogers 1947, 1963),imply that world average 
of cassava has been estimated at approximately 17 million acre.s, more than 
half of which is grown is Africa. 
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In order·to make the most rapid increase in world food supply, mainly 
in developing countries, it seems appropriate that more attention should be 
placed first on selecting a crop or crops which have the greatest potential 
of satisfying the huge demand for food and feed, and to ·analyze the key 
problems which limit the pro.duction and expansion in utilization of the crop 
or selected crops. 
Cassava (manihot esculenta crentz)planthave been used extensively as a 
basic food crop by majority of the people residing in regfons generally between 
30° North and South of the equator. Cassava roots have been one of the cheapest 
sources of carbohydrate available to most people in the tropical regions of the 
world. 
In some areas such as Thailand; Brazil; many African countries and the 
Dominican Republic; cassava has been used as an inexpensive source of l_ivestock 
feed. 
It is culturally propagated and widely adopted to a _variety of soil types 
and climatic conditions. 
The two -well known world largest growers of cassava are countries like 
Brazil (South.America) and Thailand (Far East). 
Commercially, the products of cassava (manihot esculenta crantz/tapioca/ 
yuca/manioc/akpu) are utilized in local industries and a:e also exported to· 
foreign markets in the form of chips or flour whe.):"e it is uti1ized for human 
and animal diets. Some of the known varieties of ·manihot esculenta crentz 
or sweet cassava include: 
(a) Machetazo (very high yielding-about 25 lbs. of roots per plant) 
(b) Tre-Mujeres (high yielding variety) 
(c) Machetazito (roots may be harvested after only 4 to 6 months and are 
particularly very palatable 
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(d) Hoja ae Rosa (matures early but low yielding variety) 
(e) Blanguita (white colored vareity-high yields if planted in a clay loam soil) 
(f) Mucana (very sweet white vareity-for exports) 
(g) Negrita (very sweet black mucana-for exports) 
(h) Pomo (the sweetest variety and the starch content reaches about 45-50% 
if harvested (1-1.5 years) after planting 
The hydrogen cynide content of these varieties is quite insignificant 
and is not a threat to both humans and livestock, 
Significance of the Problem 
Research reports (Hendershott 1972) on cassava show that cassava food 
product such as fortified garri, is one of the most staple food for most 
West African countries, chiefly Nigerians. 
Fortified garri is used in making fufu and it contains 7,3% water; 
7.9% protein; 77.9% carbohydrate; 73.3 (mg/cup) calcium; 140,9 (mg/~up) 
phosphorus; 3,3 (mg/cup) calcium; 140,9 (mg/cup) phosphorus; 3,3 (mg/cup) 
iron; 0.24 mg Thiamine; 1% Riboflavin; 16.0 (I.U,) vitamin A; 0.0% Niacine; 
341.0 calories; and 13.3% fat. 
In view of the dual problem of malnutrition and population growth in 
the tropical areas of the world, cassava (manihot esculenta crentz-sweet 
cassave) could become a more important source of food for humans and feed for 
animals if an efficient method is adopted to improve the potential productive 
capacity (yields) of the new sweet varieties, and also to raise their true 
or available protein content to more than 2% by appropriate weed control 
methods .• 
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Similarly, the cassava growers in the Tropics have vested interest in 
knowing the appropriate herbicides to,use in cassava farms to abate the 
nussance (weeds) and to improve the yields and quality of the tuberous roots 
of cassava. 
The result from this study would avail cassava farmers with the opportunity 
to select appropriate herbicides for weed control in cassava. I~ would also 
help the farmers know how to caliberate herbicides before spraying. If there 
would be any statistical significant difference between the yields of hand~ 
' 
weeded and herbicide weeded cassava, farmers would then be able to choose 
which method of weed control would give them maximum yields per acre. 
Fig. I shows several parts of a cassave plant from flowers to tubers, 
while Fig. II shows cassava farm plots (Experiment station in Columbia). 
D. 
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REVIEW OF LITERATURE." 
Weeds have a unique and fascinating role in evolutionary studies. 
Studies by (Mulligan ano Kevan 1973), show that no other organisms are so 
readily available, provide such convenient experimental material and pose 
so many interesting evolutionary questi?ns as weeds. 
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Some weed scientists like J. Doll (1976), have added to ·our knowledge of 
the nature .and extent of different'breeding systems in weeds which relate 
mainly to the biological features that enable certain species to be successful 
as weeds and others not. 
Research reports (Alden and Wilfred, 1962), classified weeds as species 
that come with man, and one that has long been associated with man's use of 
plants for food and fiber and for aesthetic and recreational purposes. Alden 
and Wilfred (1962), implied that man selected certain plants that produced 
large seeds or edible fruits or nuts with stored oils or fats from the early 
communities of mixed plant species. With time man discovered weeds among the 
several species he had previously known. Man slowly domesticated, developed 
and improved them into his agricultural crops. 
Weeds have several advantages and disadvantages to man, to his environment 
., 
and to all agricultural crops and all of the advantages and disadvantages of 
weeds will not be elaborated in this review;) Nevertheless; weeds have descriptive . . 
terms in every known language and those t_erms are sometimes used in scientific 
reports today. 
Some of the descriptive terms.for weeds include: 
(a) plants "out of place" 
(b) harmful 
(c) unwanted • 
(d) poisonous 
(e) competitive 
(f) 'n'one useful 
(g) poisonous and fetish 
(h) · t;i\:e value of weeds as food for humans 
(i) plants -that interfere with agricultural operations 
Research repo~ts (McNiell, 1976), imply that weeds reduce yields, 
increase labor, add to costs, and detract from the comfort of life. 
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Research study (Onwueme, 1978), indicate that weeding is one of the 
maintenance operations that characterize high yields of cassava plantations. 
Onwueme (1978), implies that weed competition in cassava is most devastating 
to cassava during the early stages of development before it forms a closed 
canopy. 
Generally, a closed canopy forms in cassava about 
2-3 months after planting. The formation of cassava 
canopy provide good shade to the ridges and reduces 
the amount of weed growth. The basic method of weed 
control in cassava calls for intensive weed destruction_ 
or removal dur_ing the first 2 to 3 months after planting 
(Kasasian 1969, p. 40). · 
Onwueme, (1978), indicates that after the first three months of intensive 
weed control in cassava, no further weed control is necessary because after 
this time, weeding is often discouraged hence; it may lead to unnecessary 
damage to the foliage and brittle stems. According to Onwueme (1978), hand 
tools (for manual weeding methods) are often used during the first critical 
three months (3 months). Herbicides (for chemical.methods) can also be used 
during the first critical 3 month period with proper spraying procedures or 
a combination of_ hand and· chemicai. methods. 
Traditionally, ~eeding in cassava has been by hand (manual" methods) and 
it is sometimes considered a standard method •. This so called standard method 
requires great physical:i labor, with the use of hoes, axe, gloves, spade, crow 
bar, bow saw, mattock, auger of various sizes and tapes. 
\ 
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The Indian hoe_ (large surfaced spade) ·incorporated with machete's (large 
knives) and cutlasses (medium large knives),are mostly used in hand weeding 
cassava farms. 
Doll and Piedrahita, (1973) imply that two weedings are necessary by 
hand (manual method) in cassava. The first weeding is done 10-30 days after 
planting, and the second about 60 days after planting. A third weeding could 
be done about 90 days or earlier than 90 days depending on the soil situation 
and the environmental factors. 
Research report (I.I.T.A. 1976) on nutrient composition of two cassava 
varieities (60506 and Novrgo) .was determined at Ibadan, Nigeria, and was. s.cienti-
.. ·,•,.: .. 
fically documented. 
Three rates of N fertilization were used 
400 Kg/ha with 50 Kg/ha and 100 Kg K/ha as basal dressings 
in each case. A fourth treatment, basal dressings of P and 
K without N fertilizer, completed the series .. N, P and 
K were applied as ammonium sulphate, single superphosphate 
and muriate of potash respectively·; 40 Kg air-dried and 
sieved (2 mm) soil were weighed -into each of 32 galvanized 
cylincrical pots (r=l5 cm, L = 45 cm), all basally 
perforate~ with absorbent paper covering the drainage 
holes. 
The soil in each pot was thoroughly mixed withJthe appropriate 
fertilizers and was watered to field capacity with de-ionized 
water before planting eight ·cassava stakes, each 15 cm long, 
in each container. There were eight treatments randomized 
in each of the four blocks. (I,I.T.A. 1976, P. 404) 
,·; 
Research report (Chan; Diaz 1974), implies that in commercial practice, 
cuttings in excess of 10 cm long increase both root yield and initial growth 
rate. Little information is still available on the feasibility of using 
cuttings below 10 cm long. However, most farmers obtain their cuttings from 
commercial plantings at the time of root harvest and so prefer planting 
materials from plants which are from 9 to 12 months old. 
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Mier, Staurt and Anon (1972), indicated that if all cassava stem cuttings 
are immersed in a one percent aqueous solution of benonyl for 5 minutes 
immedia~ely before cutting, it ·will stimulat~ vegetative root growth. Further-
more, if there is scanty moisture the cassava plots should be watered daily 
as much ~s required to sup_plement rainfall. 
Many cassava farmers iu tie tropical areas of the world fe~r the-use 
of chemicals in weed control. ·The res~archer discovered that some of the 
reasons most tropical cassava farmers fear to use chemicals in weed control 
include: 
(a) lack of .capital to purchase sprayers 
(b) lack of proper information on application methods 
(c) fear of damaging the crops through inadequate method of application· 
(d) unavailability of the right kind of herbicide to use and 
(e) limited availability of herbicides -in reasonably small containers, 
preferably 1 gallon ·or l_Kg, packages. 
Research report, Doll and Pedrahita (1976), imply that weed control cost, 
account for about half the labor requirements in cassava production and where 
the application of herbicide is improperly applied, it amounts to great yield 
losses. Doll and Pedrahita (1976), suggested that if small farmers _(peasant 
in_ the tropical areas of the .world) use herbicides very successfully, they 
will increase their yields per acre, have anough time to enga-ge in other 
agricultural activities, work for themselves or for others for more money, 
or may not find an alternative employme,:it to compensate for cost of herbicides 
if improperly applied. 
Cassava tubers have been found to be very nutritive in recent years. 
This was reported in a recent study by (AID, Contralt Hendershitt! 1972). 
The tuber is relatively rich in vitamin C (36 mg. per 100 g. fresh wt.), and 
contains traces of niacin and vitamins A, B, and B2 ; thiamine and riboflavin 
are found in very small amounts. The tubers also contain about 2% protein 
rich in arginine but low in methionine, lysine, tryptopham, phenylalanine, 
• 
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and tryrosine. (Martin and Splittstoessen, 1975), iniply that ·signifi-.::arit amoun):s 
of cyanogenic glucosides with high linamarin and lotaustralin contents have 
also been found in cassava tubers. Linamarin is synthesized from the amino-
.acid Valine and Lotaustraline from.the amino-acid isoleucine; and both are 
quite soluble in H2o. These glucosides can be decomposed by heating at 1S0°C. 
Gari, (farinha de Mandioca) contains about 1.5% protein per gram wt •. 
and when a gram ·of cassava tuber biproduct or gain is consumed, it gives 
approximately 3.4 calories to the consumer. The_ production of gari is highly 
' 
mechanized· in Brazil in such a way that about 40 tons of fresh tuber can be 
processed daily. 
Research report (Onwueme, 1978), show that about ·100 grams of fresh 
edible cassava leaves contain: 80 g. water,· 7 g. carbohydrates, 6 g. protein, 
1 g, fat, 0.2 g. calcium, 0.3 g. iron, 0;2 mg. vitamin B
1 
(thiamine), 0.3 mg. 
B2 (riboflavin), 200 mg. of vitamin C ,. 10,000 IU of vitamin A, 1. 5 mg. of 
niacin and 50 calories of energy. 
Several herbicides have been tested (C.I.A,T_., 1976), and found to be 
highly, moderately or none selective in cassava fields. Doll and King (1978), 
defined the terms non-selective, .as those herbicides causing serious injury 
to cassava at the recommended rate; those causing injury only at double the 
recommended rate as moderately selective and those ca~~ing no injury even at 
3 or 4 times the recommended rate as highly selective. 
One o.f the most important problems tropical cassava farmers face in using 
herbicides is the lack of ability and skill to select the appropriate herbicides 
for weed control in cassava. Another big problem is their lack of knowledge 







(f) translo'cated and 
(g) soil-a~ting herbicides 
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To them, these terminologies are impractical and confusing as a result, 
they tend to apply the few recommended herbicides incorrectly which result 
to yield-losses; in most cases to frustration and rejection of herbicide use. 
The paper will briefly define and discuss these practical field terms 
as a little guide to farmers. 
Herbicides are used for different purposes, Chemicals used to kill 
trees for exampl~; are called arboricides or less often or silvicides·. Such 
chemicals should not be mistaken as herbicides. 2, 4-D will kill trees if 
applied in a highly concentrated foryi, so ·.also will any other chemical in a 
very high rate of concentration. 
Research report (Butts and·Fong· 1956), imply that 2, 4-D react with plant 
tissue substrate to form 2, 4-D protein complexes. The :ratio, of this formation 
was far more rapid in resistant plants than in susceptible ones. When this 
2, 4-D protein complex was applied to t.he bean leaf according to Butts and 
Fong (1956)., no absorption and no toxic effects _were observed, 
In a similar study, (L. J. King, 1980), this _2, 4-D protein complex was 
injected into the stem of bean pl'ants and was also-observed as a sample of 
radioactive 2, 4-D, It was then found that the plant ~hich received the. 
2, 4-D protein complex treatment gave off c14o2 approximately three times as 
fast as the one receiving an equal amount of radioactivity in 2, 4-D. In 
conclusion, _2, 4-D protein was seen as detoxification process and as an 
intermediate cif the metabolism of _2, 4-D. Hydrolysis of such complexes 
revealed the presence of at least twelve amino-acids in 2, 4-D protein, 
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Pre-Plant implies that herbicides should be applied to the soil before 
planting crops. 
Folia~-application, is 'one of the methods.in pre-planting. Folian-appli-
cation simply means that the herbicides must be applied to the soil before 
seedbed preparation. 
2, 4-D is one of the herbicides that has been approved and recommended 
as a pre-plant herbicide for cassava plots. 
2, 4-D (ester) (phonexy compound) has been applied at a minimum amount 
of 1.5 Kg-2Kg/ha the day before planting cassava in Madegscar (island near 
South Africa) and the result obtained was very successful and economical. 
Incorporated herbicides are commonly known as soil acting herbicides. 
They are applied during or after seedbed preparation. The incorporated 
herbicides are applied to soils to control annual grasses like cyperus. 
Examples of incorporated herbicides are E.P.T.C. and trifluralin. As, 
at the period of this research, there is no. work on the specific incor-
·porated herbicides for cassava crops. 
Pre-emergence herbicides are herbicides that are applied after sowing 
any specific crops. The herbicides must be applied before any specific corp 
or crops emerge. They should also be applied before weeds emerge. 
The specific herbicies that have been applied to ~assava farms for pre-




Fluometuron (urea compound) 
Chloramben, and 
Dir (CI AT 1972. 1 73 and '74) u on • • • • , 
Post-emergence herbicides are herbicides applied after the crops germinate 
from the soil. They are sometimes referred to as after weed emergence herbicides. 
Paraquat has been used in the past as a post-emergence herbicide on cassava, 
but reduced the crop yields due to its misuse by cassava farmers. It is also 
strongly recommended as a post-emergency herbicide on cassava due to its pro-
15 
missing effect on killing broad-leaf weeds. 
Chloramben and Naptalam (overall granular application) in sweet potatoes 
can also be· tried on.cassava as post-emergency herbicides. 
Contact herbicides, are herbicides which kill only those parts of p1ants 
with which they come in direct contact. The contact herbicides should not be 
mixed with translocated o·r systemic herbicides to avoid great economic losses 
due to sterility of soils. 
Examples of contact herbicides that have been applied to cassava farms 
include: 
(i) paraquat 
(ii) oil sprays 
Translocated (systemic) herbicides are herbicides which move throughout 
the whole plant organ_s, affecting the whole plant system (roots, stems, leaves, 
flowers, buds). 
They are primarily used to kill.broad-leaf weeds. Examples of translocated 
herbicides that have been used to kill broad-leaf weeds in cassava farms .include: 
(i) 2, 4-D (ester-phenoxy compound) and 
(ii) dalapon 
Soil-acting herbicides are herbicides used at high rates as soil stimulants. 
They are sometimes referred to as (residual herbicides). They can also be-used 










They are mixed and applied to the soil before planting especially when 
the soil is wet to avoid chemical waste. 
At this momen_t, more research is needed for soil-acting herbicides on 
cassava (C. I.A. T_., 1976). 
Weeding'practices can be influenced by the cassava plant density. If 
the plant density is high, cassava canopies close verytightly allowing very 
little chances for weed survival. Similarly, the plant density reduces the 
amount of labor and cost for weed control in cassava plots. The reduction 
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of weed ·competition in cassava plots promote high yields (I.I.T.A., G.I.A.T., 
1975). 
World production, yield, exportation and importation of cassava products 
have been increasing in the recent years.· Similarly, cassava produces a 
higher amount of food calories .per hectare than do many other tropical crops. 
(F .A.O., 1974 and Kay, 1973). 
The tables below explain the above statements very clearly. 
Table I. Mean annual production figures for cassava during the 1965-1974 
production period (Onwueme, 1978) • 
Region Cassava % of Production % of World Yield 
or Country area (1000 ha) World (1000 tons) Production (Kg. hectare) Area 
World ·10532 100 94325 100 9046 
Africa 5567 53 39831 42 7159 
South America 2413 23 33300 35 13743 
Asia 2378 23 21160 22 8891 
North and 
Central America 104 1 654 0.007 6255 
Brazil 2004 19 28997 
< 
31 1.4458 
Indonesia 1466 14 10701 11 7300 
Zaire 843 8 8631 9 9749 
Nigeria 928 9 8048 9 9749 
India 328 3 4863 5 14642 
Thailand 206 2 3083 3 15060 
Table 2 - Trends in world production of cassava 
Table 2 - (F.A.0., 1974). 
Production Area Yield 
Year. (1000 tons) (1000 hectares) (Kg. hectare) 
1962 72550 8501 8535 
1963 ,-, 76133 8854 8599 
1964 80275 8946 8973 
1965 83249 9329 8924 
1966 84286 9598 8782 
1967 88297 10131 8715 
1968 94714 10237 9252 
1969 95410 10271 9290 
1970 96627 10743 8994 
1971 96742 10814 8946 
1972 102618 11196 9166 
1973 106418 11123 9567 
1974 104891 11878 8831 
Table 3 
Mean annual exports and imports of cassava for the major exporting and 































Table 4 - Approximate food calorie production by various tropical food crops 
(Kay and 0nwueme, 1978)· 
Crop (tons 
Yield -l 
hectare ) Meal hectare -1 Meal 
Approx~Tate _1 
hectare Month 
Cassava 9 12 1 1 
Yam 8 7 0 8 
Sweet potato 7 7 1 6 
Taro 6 6 1 4 
Rice 2 5 1 0 
Maize 2 8 1 8 
Sorghum 1 3 0 8 
Irish potato 10 6 1 . 4 
Wheat 1 4 1 1 
Weedtng is one of the costliest items in the production of a number of 
crops in the tropics including cassava. Weed control methods, especially 
chemical weed control cause heavy yield losses if incorrectly applied. 
Diaz, Pinstrup, Anderson and Estrada (1975) imply that chemical weed 
control in cassava was used by only 8% of the ·sample farmers. In Columbia 
for example almost all weed control in cassava is done with simple hand tools 
and about one-third of the farmers weeded three times _during the growing 
season but some farmers weeded as many as six times. Average number of weeding 
was recordeq as 3.3 in 1975. The same yea_r, weed control on cassava occupied 
a larger share of labor requirements in Columbia (South America) farms, about 
50% of the total, and more than one-third of the total porduci:ion :costs in 
the areas tested. 
Research reports (C.I.A.T., 19761 have shown that a single application 
of the pre-emergency herbicide is often inadequate and must be supplemented 
by another application of herbicide or by manual weeding if necessary. In 
some areas application of chosen herbicides are delayed until after the first 
handweeding at about 20 to 30 days of planting. In such cases herbicides 
used are expected to remain effective until the cassava canopies close. 
Diuron has been widely recommended to cassava farmers as a pre-emergence herbicide 
and to be applied at 1.6 Kg. of active ingredient per-hectare. 
C.I.A.T. (1976), imply that diuron applied before emergence of.cassava, 
should be supplemented with handweeding before the canopy closes. Both 
Altrazine at 2_Kg/ha and fluometuron at 2 Kg/ha have also been recommended 
as effective pre-emergency herbicides. 
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Similarly, 2, 4-D (ester) lJas: been strongly recommended as a pre-planting 
. ' 
herbicide due to its economical effects on weed control practices; 2, 4-D 
(ester) is recommended at 1.5 to 2 Kg/ha. Also, Diuron with active ingredient 
in 1,6 Kg/ha can safely be applied on soils that contain about 60% sand or 
more than 60%. 
Doll, (1976),imply that herbicides such as Amitrol, bentazon, paraquat, 
dalapon, MSMA, DNBP, and glyphosate were totally nonselective to cassava 
plants. Doll (1976), remarked that diuron, MSMA, and dalapon did not decrease 
yields when directly applied to the lower half of the .cassava plant, but 
paraquat and glyphosate applied in the same manner were still injurious 
to cassava palnts 40 to 65 days old. Doll, · {19.7.6) ;. ·recommended the use.· cif. '. 
· spray nozzle fo~ spraying post-emergence herbicides to prevent plant contact 
with the chemicals. 
Fluometron, has also been recommended for weed control in cassava as 
a pre~emergence herbicide,. This was tried in Venezuela, Columbia, Nigeria, 
.. 
and Northeastern Brazilian cassava fields with successful results. The 
< 
research in Columbia, (Anon, 1973), Venezuala (Barrios, 1973.), Brazil (C,I.A.T, 
1973.), and Nigeria (Onochi.e, 1973), imply that. the application of Fluometuron 
as a pre-emergency herbicide is equivalent to one-third that of ·manual weed 
control (hand weeding). Alacholor applied at 0.5-1.0 Kg./ha proved highly 
effective against seedling grasses and fairly effective against broadleaved 
weeds and sedges in Malaysian and Thai farms. 
20 
Wong and Harper, (1974), indicated that Alacholor also proved very 
effective in Columbian cassava farms after the rate was stepped up to 8 Kg/ha. 
-·· 
Anon·, (1974), and Buck (1980), recommended Chloramben plus diphenamid 
as pre-emergency herbic~des because the herbicides gave acceptable weed 
control results without damage to cassava grown from seed at (I.I.I.A. Ibadan, 
Nigeria). 
Mortensen and Bullard (19661 researched and found that about 3-6 lb. of 
Amiben.~t planttng reduced weed competition by about 85%. 
1.6-1.8 Kg./ha of 2, 4-D (ester), 4.8 Kg/ha MCPA 
(sodium) and mixtures of 1.6 Kg and 3.5 liters 
PCP applied .one day before planting reduced weed 
competition in cassave by 80% (Bouriquet 1961, pp. 40-50) 
Research reports by Goarin (1962), imply that 2, 4-D (acid) and MCPA 
(acid), 2, 4-D plus PCB, Monuron and Simazin are all more or less toxic if 
applied before planting cassava. 
Anon, (1962), implied that cassava will tolerate over 3 lb. of Simazine 
as a pre-planting treatment. 
Similarly, Kasasian (-1967), researched and reported that Amiben, At_razine, 
·Prometon, Ametryne, Prometryn~, Simazine, duro~, _neburon, TCA and PCP have been 
applied to cassava plants 5 days after planting and at twice the rate necessary 
for weed-control in Trinidad. Dalapon proved very injurious to cassava stems, 
leave_s, and roots when it was applied later. 
To encourage tuber development, weeding should be done dur.ing the early 
stages of plant development with cassava plants earthed up 2 to 3 months.after 
planting. Cultivation on cassava plots should be ceased as soon·as branches 
interlace to avoid breaking the brittle branches. 
Cassava yields vary from cultiver to cultiver and in Ind;i.a, yieids· 
range from 1-12 tons per acre; Similarly, yields of 20 to 26 tons per acre 
ha.ve been .recorded under intensive cultivation in India (Purseglove 1 1968). 
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Average labor requir~ments have been calculated in several research 
studies. Diaz (1975), imply that the average regional labor requirements per 
hectare varied from 38 mari-days in region 4 to 58 man-days in region 2 with 
an average of 48 man-days/ha. Chemical weed control method was not used 
because of its cost. Farmers tend to favor using hand labor where daily wages 
are low and/or an alternative employemnt for the farmer is not available. 
Reports (C.I.A.T. and I.I.T.A., 1976) imply that complete chemical 
weed control on cassava would cost about U.S. $40/ha. To make 48 man-days/ha 
manual weed control less costly than chemical control, the payment to labor 
has to be below U.S. $0.84/day. 
Although the general daily wage is above this figure, yet labor can be 
obtained below U.S. $0.84/day in certain regions of the tropical cassava 
·farmers during certain periods of·the cassava growing season. 
CHAPTER 3 
DERIVATION OF HYPOTHESIS BASED ON RELATED RESEARCH 
Hypothesis 
Cassava··' farmers who manually weed their farms twice during a growing 
season will harvest equal amounts of yields to cassava farmers who adop.t~d 
chemical control methods. 
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Statement of Hypothesis 
1.· Most farmers in Nigeria and in many other tropical countries of the 
world handweed cassava more than they use chemicals or herbicides. 
2. Herbicide weeding may be equally efficient or better in increasing 
yields if properly applied in cassava production. 
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RELATED LITERATURE 
Several suggestions have been made after years of research work about 
method of impnGving yielcts in a food crop such as cassava. 
Kawano and Tanka (1967) implied: 
To improve yields in a food crop such as cassava, the 
breeder should proceed to single-row evaluation where 
each selected genotype is planted in a single row with 
competition from neighboring gen~types. Selected geno-
types are then planted in a yield trial where many plants 
of the same genotype are planted in a pure stand and the 
border plants are discarded for the final yield estimate. 
It is only at this stage of evaluation that the yields of 
certain genotype were expressed on a per unit area basis 
(weight/area) instead of on a per plant basis (weight/ 
plant). (Tanka and Kawano, 1976, pp. 157-400) 
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Kawano and C.I.A.T. (1981) implied that economic yield per plant in a 
genetic mixture does not necessarily coincide with·that of the same genotype 
in a pure stand, and is negatively correlated in some cases with yields when 
the crop is planted under commercial conditions. 
Harvest index i~ segregating cassava populations has been suggested as 
a first criteria fo~ selection for unit-area yield of cereal and root crops. 
These reports .are documented by researchers such as: (Donal_d, 1968; C. I.A. T., 
1974; Hamblin and Donald, 1976; Kawano, 1978; Kawano and Jennings, 1980). 
,:: 
Root weight per plan_t in segregating populations is a poor selection criterion 
for unit area yields because sand attached to the roots may creat an error. 
Similarly, Kawano (1980),indicates that the absence of a correlation 
between root weight per plant and unit-area yield may be attributed to such 
factors as: (i) different growth habits of seedling plants from that of 
propagules planted with stem cuttings; (ii) genotype X spacing interat"ion; 
(iii) intergenotypic competition; or (iv) experimental error. 
Thing and Kawano, (1982) imply that intergenotypic competition occurs 
within cassava varieties such that strong competitors produce more roots 
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and stems than in monoculture at the expense of week competing varieties. 
Thing, (1982) reported that under relatively favorable cultural conditions 
a(lx2)m spacing for segregating population and 2m rows for single row trials 
are recommendable for efficient use of land. 
Herbicides used in a related research by Doll, J. (1976) are shown in 
table 5. 
Table 5 






































Doll (1983), reported his observation when EPTC (herbicide) was applied 
on both ridged .and nonridged cassava. Doll (1983), implied that more crop 
damage occured in -the ridged than in ,the nonridged cassava after an application 
of EPTC. Butylate gave similar results but was much more selective. Verifying 
the selectivity classification of Table 5, Trifluralin caused no crop injury 
at either rate in eit.her system. Grass weed control was reduced by the 
ridging operation, especially between ridges;_·confirming that less products 
remain in the soil A horizon after ridging. 
Similarly; Piedrahita,(1976),reported that a combination of diuron 
and alachlor was applied as pre-emergency herbicides (after cassava have 
been planted) and this gave excellent results in weed control on cassava. 
Doll (1976) recommended to cassava farmers to try to eliminate purple 
nutsedge (broad leaf weed) .weith either Trifluralin or butylate, preferably 
in nonridge.systems. Doll (1976), implied that hand or mechanical weedings 
shouid be performed as often as needed until the cassava has shaded over or 
developed large canopies since the residual effect of buty~ate is normally 
30 to 40 days only. 
26 
Research reports;Thompson and Wholey, (1972), indicate that cassava· yields 
can be greatly increased by eliminating weed competition during the initial 
growth periods; nevertheless, many cassava farmers thrive that cassava is able 
to survive, compete and produce with only minimal weed control efforts. 
Thompson's ·(1972) suggestion is that under ideal growing condition.s, it 
takes two months or longer for the cassava canopy to close. Under less 
favorable conditions, it may take up to four months and so, weed control on 
cassava must be given serious attention. 
Cassava yields; C.I.A. T .• , (1973), four times greater than the natfonal 
production averages of many countries, and are being obtained experimentally 
as a result of the integration of many technological a1vances (I._e. improved 
varieties, proper pest and weed control measure~, adequate fertilization 
and other. cultural practices). Weed control is considered a very essential 
part of cassava production by both the cassava farmers and the researchers.· 
Cassava is subject to weed competition for ligh.t, water and nutrients 
(Kasasian and Seeyave, 1969). For most short seasoned annual cassava crops, 
the critical periods of weed competition occur during the first few weeks 
after planting, optimal yields are obtained only if cassava plants are kept 
free of weeds during this .Period. 
Weeding operation must begin 15 to 30 days after planting and continue 
until a canopy has formed, Where there is a very high density of weed 
competition, it may take about 120 days of constant weed control before 
cassava canopies form. Weeding after the 120 day limit does not increase 
production (Doll, 1976). 
Two well-spaced weedings have been found to produce 75% of the maximum 
yields; but if weeds are allowed to compete with cassava during the first 
60 days of planting, yields will reduce by nearly 50%, The highest cassava 
' 
yields have been obtained by chemically weeding cassava and never allowing 
weeds to compete with the crop (C.I.A.T., 1976). 
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The most critical period of weed control on cassava range from the first 
· day of planting till about three to four months. 








soil fertility, and 
level of .the characteristics of the cassava varieties 
A crop maximizes its use of essential nutrients (N, P, K), water and light 
under weed-fre.e conditions; and a high cassava variety and. low ones yield 
almost as high as each other (C.I.A,T,, 1973). 
Higher ·crop populations will compete better with the weeds than lower 
crop populations. This study was documented (C.I.A,T,, 1976), and the varieties 
MC-9 (a.tall branching type) and Mexico II (a shorter, nonbranching type). 
were planted in populations ranging from .2,940 to 25,000 palnts per hectare, 
The corresponding result is as shown in Fig. 3 and 4 following. 
The Figures following;also illustrate that two hand weedings will produce 
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Figure 4 Effect of cassava population and:,veed control .systcrn on 
fresh root weight 10 months after planting for i\.\cxico 11 
and CMC-9, Doll and C.I.A.T. (1976) 0 
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Table ii below illustrates the result of research work on hand weeded 
and herbicide weeded cassava, frequency of handweeding, fresh root yields 
in (tons/ha) and maximum yields (Doll, 1876 and C.I.A.T., 1980). 
Table 6 
Fresh Root Yields 
No. of Hand 
Weeding 













Hand Weeding (days) 
15, 30, 60, 120, UH*** 
30, 60, 120, UH 
60, 120, UH 
120, UH 
15, 30, 60, 120 






Chemical Weed Control*** 













The signs and symbols (*, +, & UH) have significant meanings in ·Doll's 
·research work. 
*=Percentage of the yield of cassava weeded with herbicide. 
**=The "t" indicated that additional weeding was applied. 
***UH= Chemical weeding was applied until harvest. 
****=Kinds of herbicide used in controlling weeds in cassava, 
eg, Alachlor + Fluometuron as pre-emergence and directed 
application with shielded nozzel . 
. 
The Table 6 is a representation of research work on handweeded and 
herbicide weeded cassava plots by Doll, J. (1976) and C.I.A.T. (1980). 
The data explains that the value (yields) of cassava weeded once· (at 15 
days), twice (at 30 and 60 days) or four times (at 15, 30, 60, and 120 days) 
increased from U.S. $389 to $1092 and $1306/ha respectively. 
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Doll and I.LT.A. (1980), research findings indicate-,that if an_ average 
of 8 man-days weeding, costs U.S. $2.00/day, then each we•~ding costs approxi-
mately $36.00. This implies that similar trends would exist for any country 
.j;· 
with nearly the same labor costs and so makes it easy for cassava growers 
to handweed their fields fo_ur or more times in one growing season. 
The number of weeding is not significantly very important by the timing 
(Kasasian, 1980); because the critical period of weed competition is equal 
to approximately one-fourth or one-third, the life span of a crop irrespective 
of the length of its growing season. 
Estimates from Nigeria, Northeastern Brazil, Columbia and the Caribbean 
show that 25, 46, 55, and 42% accounted for labor on weed control in cassava 
production I.I.T.A. (1979); and this estimated figure did not include the 
labor used in seedbed preparation. 
Krochmal (1980), imply that cost-of hand labor can be reduced to one 
man-day/ha with appropriate herbicide use and application. 
According to Doll, (1976); C.I.A.T. (1978); and I.LT.A. (1979) book 
report on weed as an economic problem in- cassava production, the highest 
cost.of labor in the production of cassave are mostly for weeding operations. 
This implies that yield losses due to weeds are not so obvious as those 
c·aused by insects or diseases but weed losses may reach 25% after 30 days 
and 50% after 60 days of planting. 
Cassava growers can easily afford weeding their fields 4 or more times 
in one growing season; the most critical weeding required to keep weed 




There are some control measures that would help to reduce weed competition 
in cassava fields. Some of which include: 
. (a) mixed cropping. 
(b) integration of chemical and manual control 
(c) increased plant p~pulations 
(d) more cassava weed scientists, etc. 
Since cassava is·a relatively slow-growing crop in .the early stages of 
development, weedings performed during the initial weeks are comparatively 
essential (PANS, 1979). Cassava does require an adequate weed control program 
for optimum yield because several studies (C.I.A.T., I.I.T.A., Piedrahita, 1980), 
indicate that cassava yields will be relatively low if weeds are not controlled 
3 to 4 months after planting and/or before the formation of the canopies. 
The development of resistant and high yielding varietie_s, integrated with 
sound agronomic practices (i.e. appropriate weed control measures) will help 
·to reduce labor costs; increase the efficiency of weeding and increase yields 
(Jo~es, 1980). Herbicide application in cassava plots promote higher yields 
than handweeded cassava (Doll, 1976). 
Similarly; the use of pre-emergence·herbiicde diuron.followed by one 
hand weeding has proven to give yields as.high as three hand weedings; while 
diuron alone produced only 50% as much cassava as was the three hand weedings, 
(Versteeg, 1976 and'81). Versteeg (1981),imply that the integration of 
chemical and manual measures and an increase of plant population per hectare 
almost always reduces labor requirement_s, eliminates early weed competition and 
produces higher yields. 
To decrease weeding intensity in areas where labor shortages exist, 
farmers should try to increase plant populations per hectar and later thin out 
some weak cassava plants as weed competition reduces, (C.I.A.T. 1982). 
Weeds may become serious again at the time the plants start to mature 
and the stand becomes thinner in foliage by shedding off the old leaves. 
Chemical weed control is no doubt of importance in cassava production but 
not much data are available in this respect and so more research is needed 
to determine the precise kind, amount and time of application of herbicide 
for cassava producing areas of the world (Hendershott and Team, 1972). 
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Weed· control in tropical farming pose some socioeconomic problems, 
Socially, it frequently provides a physical drudgery of weeding operations 
for both men, women and children. In.one hand, it tends to distrupt the 
family life as youth's primary and post-primary school education is reduced; 
on the other hand, it provides jobs for the unemployed. The use of chemical 
weed control would relatively create unemployment among some workers who 
depend on handweeding for means of daily income •. However, they would have 
enough time to think of other jobs to do for a livin~, with hope of buying 
more food in future at a relatively cheaper price. 
CHAPTER A 
METHODOLOGY 
Population and Sampling 
This study is designed to compare handweeded cassava with the herbicide 
weeded cassava plots in relation to yields, It implies an investigation of 
the effect of an·independent variable (weeds) on the dependent variable 
(cassava) in relation to cassava yields. 
In other words, the researcher will compare the yields of both methods 
of weed control in cassava production. 
Sampling 
The samples for this study will include five different short-seasoned 
(6-10 11\0nths) sweet cassava varieties such as: 
1. Manihot (Machetazo or Nwugo) 
2. Manihot (Tre-Mujeres or TMS 30211) 
3. Manihot (Machetzaito or 58308) 
4. Manihot (Mucana or Arubielupupa) and 
5. Manihot (Pomo or Isunikankiyan) 
Population 
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The researcher will make three hundred (300) stem cuttings out of each 
sweet cassava variety or sample; on the whole, a total number of one thousand 
and five hundred (1,500) sweet cassava stem cuttings ,;ill be made for thirty 
(30) plots. In addition to that number, anot~er fifty (50) stem cuttings 
will be made from the plant samples; ten (10) stem cuttings from each plant 
sample; and are to be used for substituting wilted, dead or missing stem 
cuttings. This will bring the number of the stem cuttings to a-sum total of 
one thousand five hundred and fifty (1,550) sweet cassava stem cuttings all 
together. 
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Instrumentation and Data Collection 
Instrumentation 
The instruments required for this experiment will be·· .in three .basic .,areas 
such as: 
1. planting materials 
2. spraying equipment and 




























Planting materials will include such instruments as: 
knives 









axe and gloves 




Spraying instruments will include: 
' 
measuring cylinders: 10.ml, 25 ml, 100 ml, and/or 250 ml 
bottle brushes (fo~ above) · 
graduated 21 translucent plastic jug 
5 ml graduated safety pipette and.pressure guage 
8 plastic buckets with pouring spout 
long-handled plastic mixing spoon 
stopwatch and plastic shields-to control wind 
spare parts for sprayers 
spanners and screwdrivers 
detergent for cleaning 
plastic gloves, rubber 
pen or pencils, papers 
boots, eyeshield and simple respirator 
and duplicated sheets for each sp~aying period 








' ' shovels, pick axes, poles, knives 
2 sca!es-preferably good platform scales with good "clock-type" 
spring with tripod basket 
plastic buckets, metal buckets and sacks 
metal weights ' 
spare parts for weighing balance 
water for cleaning soil from root tubers 
pens, pencils and paper for recording weights in grams 
Data.Collection .. 
· ~~To k7ep accurate records of the experiment, the following data must be 
•,•,collected: 
1. the locality and attitude from which the cassava stems are collected. 
2. the common and scientific names of each variety collected. 
3. the station number, if the cassava stem cuttings are obtained from an 
experiment station. 
4. the origin of the species or varieties used must be recorded. 
5. names of people who collected the varieties and dates of collection. 
6. the colors of the stems cut must be recorded: (a) silver (grey); 
(b) brown; (c) red brown; (d) yellow; (e) orange; indicate if the 
stems are uniform in in stripes, 
7. the leaf colors of young foliage at the apex of each stem must be 
recorded: (a) reddish; (b) reddish blue; (c) bluish (d} green, etc; 
Petriole colors:· the colors of the upper portion of the petiole of a 
mature vegetative leaf at the different sections between the base and 
the intersection of the leaf blade may be recorded. 
The most essential: data which should be collected in this study is 
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the yields and of course must be analyzed using a "-t. " test at a probability 
level of .05 or 95 percentile. 
Definition of Terms 
n = number of pairs or number of plots 
d = the difference between paired values ie XC - ~ 
d = me~n difference 
SS = sum of squares 
ssc. = sum of squares for the control group or (the handweeded cassava) 
= sum of. the squares for the experimental group, (the herbicide weeded 
cassava) 
s2 =·the estimated variance 
n-1 - the degrees of freedom 
36. · 
t Test= in this case is used to test an obtained value,·the mean difference (d) 
Rep.= replications 
I-111 = blocks and each block contains 10 plots 
v1-v5 = varieties 
Kg/ha= kilograms per hectare 
Xi = raw _weights in ·(Kg). 
X = mean weight 
-2 
X = the square of the mean 
Sd = standard deviation 
o( = probability level or an alpha level 
2 2 
1 sq. foot (ft) = 0.093m 
1 hectare (ha) 
2 
--10,000m 
1 acre - 0.405 ha 
Conversion Factors 
2 2 576 ft = 53.568m or 5.36 Kg 
1 ton (short)= 907.1846 Kg 
1 ton= 1000 Kg 
2 2 
576 ft = 48.596m or 4.86 Kg/~ (short ton) 
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·. \ LAND PREPARATIONS 
Laying out of Plots 
Rrior ·to choosing plots for cassava planting, environmental conditions 
I 
must be representative 6f those areas where the results are to be applied. 
A site with soil or other conditions typical of areas where cassava (Manihot 
esculenta crantz) is produced is to be chosen. 
In other words, a specific site must be chosen to ensure uniformity of: 
1. the soil color 
2. soil texture and fertilitr 
3. soil drainage system-control of excess water 
4. soil slope, and. 
5. previous cropping history 
In normal circumsta~ces, cassava plots are located along a road, fence, 
or field border; but provide sufficient border rows to eliminate effects.of 
.,,~-. 
differences in fertility, compaction or other abnormal conditions often foynd 
along th_e edge of fields. 
In this circumstance, the researcher will choose a total land area of 
2. 76 acres or 1.1 (ha} for this study. Out of this land area of 2. 76 acre_s, 
1.239 acres or .50 ha will be designated for sweet cassava varieties for this 
study. Again, out of.the 1.239 acres designated for plant1ng,the sweet 
cassava varieties, only 0.69 acres or .28(ha} will ·be usedfor cassava plots, 
the remaining 0.549 acres (.22 ha) will be allowed for border rows between 
the cassava plots.. '.Similarly, a total of 1. 53 acres (. 62 ha} will be allowed 
for border rows between the herbicide weeded cassava plots and the handweeded 
cassava plots, Out of this 1.53 acres, 1.32 acres (.53 ha} will be used for 
yam or field corn, and the remaining 0.21 acres (.09 ha) will be used for 
border rows between the yam or field corn blocks. 
The schematic representation of these fields is shown on Fig. la, lb, 





Cl-15 = Handweeded cassava plot_s 
El-15 = Chemical weeded cassava plots 
M = Machetazito cassava variety 
T = Tremujeres .cassava variety 
u· = Mucana cassava variety_ 
P = Pomo cas~ava variety 
ER = Edge Rows 
BR= Border Rows 
XX= Ridges 
✓./;(=_Stem cuttings within the planting distance 
FI R..ST BLOCK 
Fig. la zoo' 
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\ RANDOMIZED PLANTING 
Fig. lb 
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***The yam plots serve as border rows and also demonstrate the need for 
crop rotation which is considered a common practice in trop~cal farming. 
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Square Corners 
The square corners along the base lines will be established using a 
(3-4-5) triangle system. To do this, the researcher measures 30 ft. (9.14 
meters) from the plot corner along the base line; 40 ft. (12.19 meters) at 
• approximately right angles.to the base line. If the corner is square, the 
diagonal between the 30 ft. (9.14m) and 40 ft. (12.19m) points will be 
41 
50 ft. (15.24m)._ If not, the angle will be adjusted so that the 30-40-50 ft. 
or (3-4-5) ft. ratio .is reduced. 
Plot size 
Each plot of cassava variety will be 30 ft. x 40 ft. or (9.14 x 12.19)m = 
111.416 sq.m •. Each plot should hold five ridges. Each ridge will be 9.14m 
or 30 ft, long and 4 ft. (1.22m) wide. There will be a four feet (1.22m)· 
furrow between ridges. These plot areas are sizable ·enough for yields to be 
converted into universally acceptable large units, eg. hectares. Each 
.. 
plot size is designed to hold 50 stem cuttings at l.7'xl.7'.or (.52m x .52m) 
spacing distance or .0002 ha. 
Cutting (Propagation) 
One of the easiest of all crops to propagate from vegetative material 
is cassava (manihot esculenta crentz). It is typically
0
reproduced by mature 
stem cuttings and almost never from seeds. 
The cassava seeds are produced from open or cross-pollinated, unisexual 
.flowers. Self-pollination is very difficult to take place in cassava and 
.so creates low setting of the flowers in many localities because the pistillate 
flowers open one to several days before the staminate flowers of the same 
inflorecence. 
' ' Furthermore, the high number of male flowers are sterile and in some 
countries such as Brazil (South America), India and Trinidad insect attacks 
are very susceptible as they destroy flowers and their fruit. 
Cuttings will be selected from the parent materials of the same age, 
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grown under the same conditions and taken from similar positions on each 
plant. Thi~will help to eliminate.biased or erroneous results. Cuttings 
should b·e made with a very sharp knife and at an angle of 180 °. from the 
cassava stems after 4-5 day period of hardening off, to ensure proper rooting. 
·Each cut should.be 12" long. Cuts should not be made from the base stem to 
avoid infesting the plots with the "cassava mosic virus" which attacks the 
base stems. 
Planting System 
Plots will be numbered El, E2 ••••• El5 to represent_experimental groups 
or herbicide weeded cassava plots and Cl, C2 .•••• Cl5 to represent the control 
groups or hand weeded cassava plots. This will help to reduce the possibility 
of errors during harvest. The numbering will also show kinds of.cassava 
variety in each plot, and should be tightly fixed to stakes in the front 
left corner of each plot. 
The planting should be randomized to ensure accurate results -and· the 
randomization of planting will be clearly observed in lhe schematic diagram 
of plo_t layouts. 
Pianting should be made between the month of July and August. All 
planting should be completed after two days of planting period to avoid 
irregularity in maturity and yields. 
•. The 12" or a foot or .30Sm cassava stem cuttings will be positioned 
if 
8"-deep into the ridge and horizontally along ridges. 10 cassava stem . ' 
cuttings will be planted in each ridge. Some additonal stem cuttings will 
be planted by the sides of each ridge to be used for replacing wilted or 
~ 
missing plants • 
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. To ensure perfect cassava stands, the researcher must be sure that the 
cassava stem cuttings are not planted in the inverted position otherwise 
this will result in the malformation of the cassave·tubers thereby resulting 
in low yields. Replacement of dead or missing plants must be done as early 
as two weeks after planting, to reduce any chance of late matu,ity. 
Spraying Procedure 
In this experiment, three different herbicides will be used at different 
rates. The herbicides include: 
1. Trifluralin as soil acting herbicide 
2. 2, 4-D (ester) as a pre-emergence herbicide and 
3. Chloramben as a post-emergence herbicide 
Procedure 
If during the spraying period a change of herbicide is to be mad_e, the 
sprayer will start·with those compounds most easily cleaned out of the equipment 
and finish with those chemicals that are most difficul~ to clean.· 
In other ~ords, the sprayer will be encouraged to start with wettable 
powders, and aqueous solutions and finish with emulsifable concentrates. The 
reason for spraying chemicals with the lowest rates first is to avoid the 
need to wash out the sprayer ·between one rate and the next. 
Th~ sprayer must be carefully caliberated and the throughout should 
be checked with a s,topwatch before spraying each experimental plot. 
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The normal speed of a tractor spraying is 1 meter per second (lmfsec). 
but in this case spraying will be done by hand (using compression sprayers), 
and so the speed may vary. 
Great care must be t.aken to control wind blow or winddrift during the 
spraying period. To control winddrift, the sprayer. will carry a plastic 
shield w:i:th him/her. If the sprayer decides to use t~e "SB sprayer" (as 
shown in the picture in this paper), the pressure must be adjusted wit.h the 
pressure guage. 
Caliberation 
If one (the sprayer) will be walking at 1 meter per second (lm/sec) and 
2 using a 2m boom, then the one will be spraying 2m /sec. and the amount of 
2 
spray/m = 22 ml or (220 1/ha). 
m m . 
Hence, each plot size is 30'x40' or (9.145xl2.15) or 1200 sq. ft. or 
. ., 2 
11-1-,t'.!foi ; and there are to be 3 replicate.s, then the area to be sprayed 
(including a 10% excess) will be determined by: 
110 Z" 
1114fx:ix100 = 36_(i. 66m_ · 
•. the amount of liquid necessary for spraying: each plot 
will be determined by: 
· ..• 366-.,66ni2x22m1 = so6·6 .58nii .... ,_ ---




2, 4-D (ester), will be applied at 1.5 Kg/ha 
Chloramben, a·t 2 Kg/ha and 
Trifluralin, at 3 Kg/ha 
Th~'amount of active ingredients in each case are not constant, but 
suppose the active ingredient of 2, 4-D (e~ter) is 85%; then the amount of 
product that will be required/m2 per plot will be calculated as follows: 
1.5 Kg x 1000m x 100% gm= 0.176 gm 
·10 ,000 ha 85% 
2 
the amount of spray for a plot of 368.379m (including a 10% excess) 
will be determined by: 
2 368.379m X 0.176 = 6/i.8 gm 
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This implies that the sprayer must mix 64.5 gm of 2, 4-D (ester) with 
8104.338 ml of water and start spraying one plot after another. This mixture 
is recommended for one plot only and so any extra spray could be used for other 
plots. The mixing must not be done for all the plots at once, but should be 
caliberated to be used for one plot at a time. 
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CHAPTER 5 
HARVESTING AND YIELD EVALUATION 
Harvesting Procedure 
At present no machine is specifically available for cassava harvesting. 
Various plows, disks, hillers, sobsoiling tines, cultivator shovels, and 
other types of equipment are used to assist in harvesting with varying 
degrees of success •. Although the harvesting rate can be increased yet 
there is usually an increase in damaged roots and roots left in the field. 
Hand harvesting using shovel.s, pickaxes, poles, and other hand tools still 
remains one of the·most reliable systems for harvesting experimental cassava 
plots and so must be used in this situation. 
One replicate of cassava plot must be harvested at a time to ensure 
uniformity and to eliminate errors. 
Weighing 
A portable "clock-type" spring balance·with a tripod and basket will be 
·used for direct field weighing. The scales ,which will.be used for weighing 
must be checked periodically for accuracy. 
The cassava tubers will be weighed (10-20 Kg) at a time until the exact 
weight of tubers in.each plot is recorded; the researcher must make sure that 
measured weights are added up accurately. Weighing mus,,t be carried out one 
plot at a time immediately after harvest and mus·t be recorded in Kg or gms 
depending on the scale(s) used. 
Soils adhering to the roots after harvest must be removed or washed 
away with water to avoid inaccurate results. 
J 
Metal weights precisely five or'ten kilos should be obtained to test 
the·scal'e up to its capacity or at leasto to the usual amount weighed on it. 
If the metal weight can not be bought locally then some kind of metal blocks 
can be accurately weighed, marked and used for calibra.tion.· Equipment must 
be handled with great care: 
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Analysis of Data 
Yields w~!l be calculated using the analysis of varience and will 
be analyzed using the t. Test. The figures w.ill be tabulated from 3 blocks 
of 10 plots each. 
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Each plot in each blo~k will be replicated at a time tp ensure uniformity. 
As there will be 15 plots of herbicide treated and 15 plots of handweeded 
cassava; the first 15 plots of handweeded which will be harvested, weighed 
and analyzed one plot at a time, represent the "control cassava plots" (e), 
while the other 15 plots of herbicide.weeded cassava, represent the "Experi-
mental plots or groups", . (E). 
The same procedure adopted in harvesting, weighing and tabulating weight 
results in the control plots will hold in the experimental plots. 
The means (x) of each plot must be recorded as well as the means (x) of each 
block. The standard deviation (s) of each 15 plot·means; will be determined 
by\/ .;f (xi-x) 2 
· ~ . n-1 
and the degrees of freedom. (n-2) for both 15 plots will be properly selected. 
The alpha levels or the probability level must be determined in both 
cases; for accurate comparison to be made, the Null hypothesis must be tested 
at .01 and/or .• 05 levels to see if there is any statistj.cal significant 
difference between the yields of handweeded cassava and those of the herbicide 
weeded cassava. 
A pooled t Test 
) = Xe - X E 
.S-
Xe - XE 
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' 
and tests of significance with "t" distribution will be used in calculating 
yields. This implies that means of paired samples; such as the formula for 
the computation of the pooled variance and "t." for paired value will be used 
in calculating yields. 
The formulae are as follows: 
1. s2 = S(d2) - [S(d)] 2 
n - 1 
2. t. = ;=::::::d:::::::== 
'\j s2 n 
) 
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Steps in Analyzing Data 
The first step will be to derandomize the 15 plot yields, i.e. to arrange 
the yields as two-way table to block and weight (wt.) in (Kg/plot). 
( 
The first arrangement will include all the yields from the handweeded 
cassava plots; then followed by the herbicide weeded cassava plot yields as 
shown in the tables below. 
TABLE .. 1 
Plots 1 - 15 
Cl 
c2 





















































x3c11 yllCll XCll 
-
x3c12 yl2Cl2 XC12 
-
x3cl3 yl3Cl3 XC13 
-
x3cl4 yl4cl4 XC14 
-
x3cl5 yl5Cl5 XC15 
The means of each block yie~d will be calculated by dividing the total 
wt. (Kg) by 3(number of blocks), 
i.e. for plot No. c1 
Plot No. c2 = Y2c2 ... etc. 
3 
2. Calculate the Correction Factors (CF) as: 
/ 2 
(Block Totals) /(Total number of plots) 
In this case it will be: 
3. Calculate the total (uncorrected) sum of squares by squaring all plot 
yields and summing the results. 
\ 
= "Y Kg" 
1 
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4. By ·subtracting the CF_ (F.{g), we arrived at a total corrected sum of squares: 
as (Y Kg - F Kg) = "S Kg 11 
ml 
This with an approximate division; measures the variability of all the 
5 plots in each block; ignoring the classifications by wt. (Kg) and blocks; 
we now separate out the portions attributable to these caµses. 
5. The sum of squares due to total wt. (Kg) is obtained by squaring the 
wt. t~tals (Kg), adding these squares, dividing by the number of plots 
per total wt. (Kg), and again subtracting the Correction Factor ("1!i_· Kg"), 
thus, the total wt. (Kg) sum of squares or SS • 
C 
This is calculated by:. 
2 2 2 
[(YlCl) + (YzCz) + ••• etc.+ (Y14c14) 
= "W Kg" 
1 
6. The block totals (XKg?) will be calculated by: 
2 2 2 (X1Kg) + (X2Kg) + (X3Kg) /15 -
11F
1
Kg" or CF= "B Kg" 
1 
The results will be displayed in a tabular form as follows: 
Table 8 
Sum of 
Source of squares 
Variation (symbolic) 
Blocks "B Kg" 1 
Wt(Kg) "F Kg" 
1 
Error "R Kg" ie 
Tota1-di
1 
Kg + F1Kg) 


































(Cassava Yields (E)) 
Weights 
















































The means of each block yield will be calculated by dividing the total wt.(Kg) 
by 3. 
i.e. for plot No. E1 X = Y1E1 
3 
E2 X = Y2E2 •••. etc. 
3 
The yields from herbicide weeded cassava will be calculated the same way 
as the handweeded cassava was calculated and then both yield results will be 
\ . 
calculated using the analysis.of variance to see if there is any statistical 
significance between the yields of handweeded cassava and the -herbicide 
..._ . 
weeded. The formulae below will be used to analyze the results. 
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1. The first step in calculating and analyzing the yields of herbicide weeded 
cassava include derandomization of the 15 plot yields al;l shown in Tabl~s~~ 7 and 8. 
Again the means of each block yield will be calculated by dividing the 
total wt. (Kg) by 3(number of blocks). 
i.e. for plot No. E
1





plot No. E2; X = Y1E2 
3 
.etc. 
2. Calculate the correction factors (CF) as 
2 . 
(Block Totals) /(Total number of plots) 
In this case it will be: = "F Kg" . 2 
3. Calculate the total (uncorrected) sum of squares by squaring all plot 
yields and summing the results. 
i.e. 







E2) + ... etc. (B2E14) + (B3E15) = "Y2Kg" 
4. By subtracting the CF (F
2
Kg), we arrived at a total corrected sum of 
squares as: (Y
2
Kg - F Kg)= "Sm Kg" 2 2 
This with an approximate divisor measures the variability of all the 
5 plots in each block, ignoring the classifications by weight (wt. Kg) 
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and b~ocks; we now separate out the portions attributable to these causes; 
5. The sum of squares due to total ·wt. (Kg) is obtained by squaring the 
wt. totals (Kg), adding these squares, dividing by the number of plots 
per total wt. (Kg) and again subtracting the correction factor (F
2
Kg), 
· thus; the total wt. ·(Kg) sum of squares or SSE: 
This is calculated by: 
2 2 2 2 [(Y
1













Kg" or CF2 = "B2
Kg. 11 
















Total-(B2Kg + F2Kg) 

















Since there are several ways of calculating and analyzing research. 
data; ranging from (ANOW· analysis of variance to a·split type analysis; 
the researcher decided to use paired comparison as the most precise measure 
of difference, This implies that the difference between the handweeded 
cassava and the herbicide weeded cassava will be <let-ermined using "t" test; 
without consideration of variety effects,· 
Similarly, it is important to know that this study was limited to yield 
evaluation. However% weed control,% crop injury and economic considerations 
could easily be evaluated using. the same plots. · 
The synthesized data derived from six hundred plants (600 plant population) 
all planted in an area of 576 ft
2 
or 53,568m2 or 5.36 ha was used to illustrate 
the statistical methods employed and to test the hypothesis. Actual field 
testing would have to be carried out in the regions of the world where cassave 
can be grown, 
Figs, II and III on the next page show the graph of yield eyaluations 
designed to derive yields for analysis and evaluation. The graphs show the 
fresh root weight in tons per hectare (ton/ha) on the vertical axis and plant 
population per·hectare (P/ha) on the horizontal axis. 
The graph also demonstrates the effect of cassava population and weed 
control system oµ cassava yields in relation to fresh root weight (6-10) 
< 
months after planting but harvested during the 10th month period and not 




' c:. C 





































o One h:,ond ,·,eed1ng 
£. Tv/0 hand weeding!:. 
4.5 








Figure,itl Effect of cassava '3~~p,;~latipn and -.veed control systcrn C?n 
f'res_h·root weight6-'...l~onths nfter planting for-handweeded 





Example; Using Synthesized Data 
Table 11 H:i:gh Quality/Commercial Grade Cassava 
in Kilograms Per Hectare (Kg/ha) 
Handweeded Cassava · (C) Herbicide weeded {E) Differences 
Plotet .. *(Kg) Tons/ha (Kg)* Yield{d) 
v125 = 13.4 35 = 18.8 5.4 
v227 = 14.5 37 = 19.8 5.3 
v321 = 11.3 31.3 = 16.8 5.5 
v
4
24 = 12.9 30.5 = 16.3 3.4 
v519 = 10.2 34.2 = 18.3 8.1 
v122 = 11.8 32.25 = 17.3 5.5 
v219 = 10.2 36 = 19.3 9.1 
v324 = 12.9 30.5 = 16.3 3.4 
v423 = 12.3- 34 = 18.2 5.9 
.v520 = 10.7 35.4 = 19.0 8.3 
v124 = 12.9 34.5 = 18.5 5.6 
v226 = 13.9 36.1 = 19.3 5.4 
v
3
23 = 12.3 33.6 = 18.0 5.7 
v420 = 10.7 31.l = 16. 7 6.0 
V 22.4 =-12.0 28.4 = 15.2 3.2 
S(Xc) = 182.S(~) = 267.8 S(T) = 85.8 S{d2) = 532.24 
*Estimated from graph and converted to tons/plot, 25 x 1000 x 5.3·6 
10,000 
n = 15 I= 85.8/15 = 5.72 
S{d2) = 5~2'.24; S(d) = 85.8 
(Sd) 2 = (85.8) 2 = 7361.64 
and 35 x 1000 x 5.36 
10,000 
s2 = S(d2) - [S(d)] 2/n = 532.24 - 490.78 = 2.96 

























When the II t, 11 tabulated (t) is entered with n-1 = 14 degrees of 
freedom, it is found that t .01 (very significant probability level)= 2.977 
and t, .05 (significant· probability level) = 2 .145. 
The calculated t, with n-1 m 14 degrees of freedom was compared at t, .05= 
2.145 probability level and it was found that the calculated b.05 - 13. The 
researcher rejected the Null hypothesis. 
It appears that there is a statistical significance difference between 
the calculated tat .05 probability level and the tabulated bat .05 probability 
level. 
The researcher used another formula (ANOVA); to test the reliability 
of the first data analyzed. 
2. 
Field Data Analysis 
Handweeded Cassava 
X = 12.13 
SX or Sd = 1.64 
n = 15 
n-1 = 14 
o(_ ,= . 05 (PL) 
XC = Mean of the control group 
or plots. 
Herbicide weeded Cassava 
X • 17. 9 
SX or Sd = 1.31 
n = 15 
n-1 = 14 
,;(, = .05 probability level 
XE= Mean of the experimental 
group or plots. 
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"T-test" = Test of significance 
(ANOVA) 
T-test = Test of significance (ANOVA) 
t; (at, n-1) = XC -~ 
SX. 
V n 
t; (.05, 14) = 12.13 - 17.9 
1.64 
V 15 
t; (.05, 14) = -5.77 
1.64 
v 15 
t; (. 05, 14) = -5. 77 
t. .OS = 2.145 = 






Since t.05 = 2.145 _.f t.05 = 13. 705 the Null hypothesis was rejected. 
The researcher desired to compare the yields of handweeded cassava 
and the herbicide weeded cassava using the same synthesized data, to see if 
there will be any statistical significant difference between the yields 
of both methods of weed control. This is shown below. 
Synthesized Data 
High Quality/Commercial Grade Cassava Yields 
Handweeded (or Control Plots); Kilograms Per Hectare· (Kg/ha) 





) xi xi-X 
Rep. I. v1 /1/ - 13.4 1.27 
v2 /2/ - 14.S 2.37 
v3 /3/ - 11.3 -0.83 
v
4 
/4/...: 12.9 0.77 
vs /5/ - 10.2 -1.93 
Rep. II. _ v1 /6/ - 11.8 -0.33 
v2 /7 / - 10.2 -1.93 
v
3 
/8./ - 12.9 o. 77 
v4 /9/ - 12.3 0.17 
vs /10/ - 10.7 -1.43 
Rep. III. v1 /11/ - 12.9 o. 77 
v2 /12/_ - 13.e 1.77 
v
3 
/13/ - 12.3 0.17 
v4 /14/ - 10. 7 -1.4.'l 
vs /15/ - 12.0 :..o .13 
ii[ 182 Kg. 
















*Estimated from graph and converted to tons/plot such as 25xl000x5.36/10,000 












High Quality/Commercial Grade Cassava Yield~ 
Herbicide Weeded (Experimental Plots) Kg/ha: 
*(Kg) 
Plots (El -15) xi xi-X 
V{ /1/ - 18.8 0.9 
v2 /2/ - 19.8 1.9 
v3 /3/ - 16.8 -1.1 
v
4 
/4/ - 16.3 ~1.6 
v5 /5/ - 18.3 .4 
v1 /6/ - 17.3 -0.6 
v2 /7/ - 19.3 1.4 
v3 /8/ - 16.3 -1.6 
. v4 /9/ -. rn.2 .3 
v5 /10/ - 19.o 1.1 
v1 /11/ - 18.5 .6 
v2 /12/ - 19.3 1.4 
v3 /13/ - 18.o 0.1 
v4 /14/ - 16.7 -1.2 
v5 /15/ - 1s.2 -2.7 
267-8-. 15 ss = E 



















*Estimated from graph and converted .to tons/plot such as; 35 x 1000 x 5.36/10,000 
Standard Deviation (Sd) = 
= 








t, = ,-::;=1=2=.1=3=+=1=7=·=9====== 
"\ ( 24.53 + 25.59 I 1 + 1 
\ 15 +. 15-2 \Is 15 . 
t.. = 30.03 
t.. = 30.03 
~ (3.58) (.133) 
t.. = 30.03 
V 0.476 
t, = 30.03 
.690 
t.. = 43.521 
t. .05 = 2.048 f- 43.521 
'· 
Since the calculated t...05. = 43.521 is by far greater than the tabulated 




RESULTS AND DISCUSSION 
This study on cassava production (comparison of two methods of weed 
control in 'cassava in relation to fields), has reviewed several uses of 
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cassava; the nutritive Values of cassava; weeding some cassava varieties in 
relation to costs and yields; weeds commonly .found in cassava farms (tropical 
weeds); regions of the world where cassava is grown; cassava importing and 
exporting nations of world; the nature of soils favorable to cassava production; 
and several hand tools and herbicides recommended for weed controls in cassava. 
In spite of the reviews, this study provides great.opportunity for more 
research work on cassava. A test of significance was carried out using 
paired comparison and analysis of variance (ANOVA_), to determine if there is 
a statistical significant difference between the yields of handweeded cassava 
and the fields of herbicide weeded cassava. 
The tests· indicate that there is a very significant differe_nct between 
the yields of both methods of weed control at L.05 (28) - 2.048 and at t.05 
(28) - 43. 451. 
However, there are some limitations·; the data used for the analysis were 
synthesized from a related research to test the Null hypothesis. This implies 
. ·-
' that more researcq is needed in this area for more ·accurate information on 
herbicide selectivity in relation to yields. 
Nevertheless, th_e data statistically analyzed from this study provided 
accurate results. 
Since there is a very statistical significant difference between the 
yields of both methods of weed control the Null Hypothesis was rejected. 
The cassava farmers in most of the tropical regions of the world have 
predomin_antly handweeded cassava for reasons that ·chemical weeding is 
I 
•• 
injurious to plants; and also due to lack of adequate knowledge of the 
appropriate herbicides and how to use them, hav~ rejected chemical weeding. 
The tropical cassava farmers could be instructed on how to use the 
appropri.ate .herbicides for cassava production based ori the· results ·of this 
study. There could be more cassava products for cofisumers and more income 
for the farmers if the tropical cassava growers would adopt to chemical 
~eeding rather than manual weeding. 
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APPENDIX A 
EQUIPMENT FOR LAND PREPARATION, SOWING, AND HARVESTING 
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Preparing Land & Sowing 
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Hand tools ' _ 
If )'OU haven't got pigs or machines 
to cltar 'JOUT land,Jou can do it b,.-














PLANT NUTRIENTS· APPLIED AS FERTILIZERS 
APPENDIX B · 
· PLANT FOODS 
Sources 
Mobility, Typical Symptoms Nutrient Function in Plants 
(not Intended 
as a complete of Deficiencyt 
·; 
list.) (Those in Plants ilalicized are < waler soluble.) 
Restricted shoot growth, leaves 
SULFUR Constituent of pro- Sulfur and various 
small, rolled toward upper sur-
teins. 1 N'ecessary for sulfate compounds Low face, still and brittle with marked 
(S) chlorophyll formation. chlorosis. Defoliation becomes severe and terminal buds die. 
Necessary for chloro- Chlorosis of leaves, affecting 
IRON 
•phyll formation, but Iron (ferrous} younger foliage first. lnterveinal 
not a constituent of sullate LOW· tissue yellows first, leaving veins it. Concerned with Sequestrene 
(Fe) respiration and other Green Garde 
green. Scorching of leaf margins 
oxidation systems. 
and tips. Can be "lime-induced." 
Catalyst in many 
enzyme systems. Con- Symptoms vary in different crops, 
MANGANESE 
cerned with chloro- but chlorosis .is common. Older 
phyll formation. Manganese sulfate High foliage affected first. Growth re-
(Mn) . Closely associated larded with flower formation with iron and the two greatly reduced. 





Growing points severely distorted 
location of sugars. In- and may die. Stems hollow and 
BORON 
valved in · reproduc- Sodium borate pith coarse or blackened! Leaves tion. Regulates water (borax) Low often scorched and curled, pas-
(Bl irtake by cells. Tends siblr. mottled and discolored. to keep calcium in a Fruits may be severely deformed 
soluble form in the • and useless. I 
plant. 
I 
Necessary to protein 
lnterveinal chlorosis, often with 
ZINC 
necrosis and bronzing or Purpling. 
synthesis. Influences 
Zinc su/fale Medium · Reduced leaf size and malforma-rate of maturity and lion, sparsity of foliage, shortened 
(Zn) size of plant. internodes and reduced [fruiting. 
Older leaves affected firs\. 
I 
Necessary to protein Leaves bluish-green color) Wither-
COPPER synthesis. Important 
ing and mar~inal chlorosis of 
to plants' reproduc- CopPP.r sulfate . Low· younger leaf tips. Leaves may fail 
(Cu) live stage of grow.th. to open out or may wilt. !Growing tips may show rosetting. 
, 
mottling of leates. Ne-Essential constituent Chlorotic 
MOLYBDENUM of nitrate reductase Various crosis of leaf tissues. Distortion system. Necessary to molybdenum Low·' ,, and cjeath of growing tip :in some 
(Mo) nodule organisms of compoun~s crops. Irregular poor growth, 
· legumes. stunted appearance. I 
CHLORINE 
Uncertain. May affect 
carbohydrate metab-
(Cl) 
olism and. influence 
photosynthesis. 
' ' 
i' A proper balance of plant nutrients IS very impor-
tant. Excesses of mineral nutrients may induce de-
ficiencies Of others, e.g .• excess nitrogen may 
produce potassium deficienCYi excess potassium i'nay 
induce magnesium deficiency; excess phosphorus, 
potassium deficiency; excess· magnesium, potassium 
or sodium may induce calcium deficiency; excess 
b'oron, marginal and intervenal scorch which may be 
mium1 cobalt, copper, manganese, nickel· or zinc 
may induce iron deficiency in addition to producing 
direct visible toxic effectsi excess manganes'e may 
produce effects similar to manganese deficiency 
(distinguished by soil pH test); and· excess i alumi-
num may cause effects suggesting phosphorus defic-
iency. · I 
. confused with potassium or magnesium deficienciesi 
sodium and chlorine may cause marginal leaf scorch . 
simila~ to potassium deficiency; exc~sses of chro-
The. material presented in this Keep Page was ,assem• 
bled by Patterson Chemical Co,, Inc., Kansas C'1)r, Mo. 
Used by permission. I 
Flower and Garden. APRIL, 1!il 
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FLOWER and GARDEN KEEP PAGE ~PLANT FOPDS 
PLANT FOOD INFORMATION 
This is a summary of the nutrients ••• their .functions, 
source•, moblllty In plants•, and typical symptom• of 
deficiency. 
In order to .grow, plants need: 
1. Water,.both soil and atmospheric 
2. Air, both soil and atmospheric 




sary In production of 
(NI leaves and stems. 
Especially im~rtant 
in gerrninat on of 
PHOSPHORUS ·see s, metabolism of seedlings, r\runing of 





vir,or. Coniri utes to 
POTASSIUM d sease resistance. Important to sturdy 
(IQ 
.· 
:·. root formation and 
~~~··:~ development. 
Constituent of cell 
. walls of tissue. Inti-
CALCIUM mately'. concerneil .in development of root 
(Cal system · and growing 
points (meristems), 
' 
Vitai" to chlorophyll 
MAGNESIUM production. Activator m most enzyme re-
(Mg) actions. · 
. 
3. Light of proper Intensity and duration 
4. Suitable temperature, both day and night 
5. Nutrients: nitrogen, phosphorus, potassium, calclum, 
maghesium, sulfur, iron, manganese, boron, copper, 
zinc, molybdenum and chlorine 
Sources Mobility Typical Symptoms (not 1ntended 
as a complete hi Plants of Deficlencyt list.) (Those 
ltallclzed ere 
water soluble.) 
Sodium nilrale Restricted 11rowth. leaves small,. Ammonium sulfate 
Ammonium nUrate pale, yellowish green early, some-
Urea times orange io red later. Growth 
Potassium nitrate High upright and sr,tndly. Flowering • Ammonium and fruiting de a_yed and reduced. 
phosphate Premature defohation. Symptoms 
Calctum nitrate appear first on lower parts, mov-Blood me.ii ing upward. . Cottonseed meal 
Greatly reduced and delayed 
growth. Leaves small and defolia· 
Superphosphate tion Is premature, starting at older 
Ammonium leaves. Later-al shoots reduced, 
phosphate Low lateral buds _die or remain dor-Potassium mant. Leaf color generally· dull, 
phosphate bluish green, tintinf to purplish Bonemeal. or bronzing la.ter, ea! margins 
often show brown scorching el• 
feet . 
·s'tunted, squatly growth, Inter-
Potassium nodes shortened. Startt, with 
phosphate older leaves..:.. browning o tips, 
Potassium nitrate 
Medium marginal scorching, !levelopment Potassium chloride of spots near the marglnst:ften . Pob!,sslum sulfate "bronzed" appearance. aves Hardwood eshes, 
·may roll backward or •forward 
- along margins. 
Leaves distorted with tips hooked 
calcium carbonate •" back and mar11.tns curled. Mar-11tns may exhibit brown scorch-Calclum sultBte· . 1n~ C!r spotting and ·often extreme catclum nitrate, Low '"co lapse of mesophyll tissue. C!al~lum chloride . 
Calcium pho,phate Growing r,ints die, roots poorly 
develope and weak (sometimes 
gelatinous). 
~ 
Symptoms vary widely for differ-
ent•crops, but common symptoms 
include chlorqsis, often develop-
Magnesium sulfate 
High ing Into brilliant tints. Defolia.:ion (Epsom salts) can be ·severe and leaves ay 
absciss without withering. Effects 
show first on older leaves and 
progress to youQSer • 
• low mobility usually means visual symptoms ap. 
pear first· ·In new (upper) growth, High mobility 
usually means old (lower) growth shows visual symp-
toms first. 
. 










TROPICAL WEEDS OF THE WORLD 
,; . •' .· •, ;:• ... 
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Maj>_(Agricultural Areas of the Warm R_egions of the World 
Euro-
Mediterranean Afric~ India Australia Far East 
Species present but 
status as a weed 
uncertain 
______ __,;~--. _;.;._.~,--~ ...:-.~i----..;...-___________ ....; __ -", 
Figure 3a The distribution o( the ten worit weeds in the major agricultural areas of the wai-m 1·cgions of the. worltl. 
78 
HOLM WEED PROBLEMS IN DEVELOPING COUNTRIES •;·• 
A prdintini¾ry map 1Jf lhc: c1i~trihntion of watcrh)'adnth ,ncT the warm h'ti•>•1:; l•i ::.~ world. 
A prclimi11af)' map of the distribution of purple nutscdgc onr tl_ic warm regions of •Ille world. 
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YIELD EVALUATION ON GRAPH-BASED RELATED· RESEARCH 
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o One hancJ weeding 
.&. Two hand weeding!i 








Figurr Effect of cassava population and \-veed control !iystcrn on 
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Plant population ( 600 -/hu) 
Figurr_
111 
Effect of cassava ooP.ulation and ·..veed c.·ontrol systcrn on 
y lb . 
fresh root weight 6-ltrionths ofter planting for .handweeded 
and-lurrlri.cide weeded cassava varieties. 
[. 
Example; L'Sing Syn.thcdized Data 
Tah] e 11 Higli Quality/Commercial Grade Cassava 
in Kilograms Per Hectare (Kg/ha) 
Handweeded ca·ssava (C) Herbicide weeded (E) Differences 
Plots *(Kg) Tons/ha (Kg)* Yield(d) 
\' ") r,; l ~- 13.4 35 = 18.8 5.4 
v
2
27 = 14.5 37 = 19.8 5.3 
v
3
21 = 11.3 31.3 = 16.8 5.5 
v
4
24 12.9 30.5 = 16.3 3.4 
v
5
19 = 10.2 34.2 18.3 8.1 
v
1
22 = 11.8 32.25 = 17.3 5.5 
v219 = 10.2 36 = 19.3 9.1 
v
3
24 = 12.9 30.5 16.3 3.4 
v
4
23 = 12.3 34 = 18.2 5.9 
V ZO = 10.7 35.4 19.0 8.3 5 
v
1
24 = 12.9 34.5 = 18.5 5.6 
v226 = 13.9 36.1 = 19.3. 5.4 
v
3
23 = 12.3 33.6 = 18.0 5.7 
v
4
20 = 10.7 31.1 = 16.7 6.0 
V 22.4 = 12.0 28.4 = 15.2 3.2 
S(X ) = 182. S (X.:) = 267.8 
C 
S(T) = 85.8 S(d
2
) = 532.24 
*Estimated from graph and converted to tons/plot, 25 X 1000 X 5.36 
n = 15 J = 85.8/15 = 5.72 
S(d2) 532.24; S(d) = 85.8 
(Sd)
2 
= (85.8) 2 = 7361.64 
10,000 
•: 
and 35 x 1000 x 5.36 
, 10,000 
s2 = S(d2) - [S(d)] 2/n = 532.24 - 490.78 = 2.96 

























CONVERSION FACTORS AND TABLE OF DISTRIBUTION 
Conversion Factors for English and Metric Units 
To convert 
column I 


































hPrtare. ha ro.01 km2 ] 
meter', m3 
hectoliier, hi 























Yield or Rate 




kg/cm• J11/inch2, psi 
bar Jh/in.•, psi 
bar a1mosphere, atm• 
kg/cm2 atmosphere, atm• 
atmosphere, atm • 11•/in.2, psi 
.. atmosphere"' may be specified in metric or English 
Temperature 
·Celsius, C Fahrenheit, F 
Light 

































. I. To convert means from one: scale 10 another, the standard error of the means, the LSD, or similar measure used to 
,a.Juate or compare means is converted by· the factor us~ for the cOnvcrsion of the means. _. 
2. In regression studies, the regression coefficients are• c;onverted by 1he same factor that is used to convert the Y vaiiable . 
. ' 3. Certain measures require no conversion because their c:omputaiion involves the ratio or two values that both r~uire lhe 
1mc· conversion factor. The F-value, Student's "l", the conelatjon coefficient, chi-square, and the cocrricicnt or variati.on, arc 
I t_~is category. 
4:. The ra~tor for converting the variance or t~e mean square of a variable (or some subdivision of the mean ~uarC, such 
~-~ variance component estimate) is obtained by: squaring the factor med , to convert the variable itself; e.g., if a variable 
,easured in lb/acre is converted to kg/ha the conversion factor for tlJe vanancc would ~e (1.12)1 • . · 




TABLE A 4 
THE D1So.lAIBl1TION Of" 1• (1_"WO-TA!LED IQill 
===s=====~-. ======= 
Dc~fccs 1--"~':,..t,--r-Jlll.-·-- _P_;orQ~•b-..,abri-lit_..Y'f#...,_•_La_r_.g9."rc•;,."V.,.a_lu_c_. _si..,s,...n_ls_r\O.:...· _red,--__ 
Fr«dom o.500 0.400 0.200 o.loo o.o~ I 0.02s ~ _o_.0_10-t_o._oo_s-+_o_._00_1 
I 1.000 . i.376 3.078 6.314 12.706 I 2S.4S2 / 63.6S7 
2 0.816 1.061 1.886
1
2.920 4.3P3 6.20S 9.92S 14.089 31.S98 
3 .76S 0.978 1.638 2.3S3 ".3.182\ 4.176 5.841 7.4S3 / 12.941 
4 · .741 .941 1.533 2.132 . 2.776 3.49S 4.604 S.S98 I 8.610 
5 .727 .920 1.476 r 2.0JS , 2.S71 3.163 4.032 4.773 6.8S9 
6 .718 .906 1.440 ! 1.943 12.447 2.969 3.707 4.317 I S.959 
7 .711 .896 1.41$ 1.895 2.365 2.841 3.499 4.029 S.40S 
8 .706 .889 1.397 1.860 · 2.306 2.752 J.355 3832 / 5 041 
9 .703 .883 1.383 1.833 
1
, 2.262 2.685 3.250 J1i!IO.-r ,t7U 
10 .700 .879 1.372 1.812 2.228 2.634 I 3.169 3.581 4.587 
II .697 .876 1.363 1.796 2.201 j 2.593 3.106 3.497 4.437 
12 .695 .873 1.356 1.782 2.179 ; 2.560 3.055 3.428 4.318 
13, .694 ,870 1.350 1.771 2J1i!! r 2.533 3.012 3.372 4.221 
14. .692 .868 1.345 1.761 :2-:143 i 2.SIO 2.977 3.326 , 4.140 
IS. .691 .866 1.341 1.753 2.131 l 2.490 2.947 , 3.286 I 4.073 
16 .690 .865 1.337 1.746 2.120 j 2.473 2.921 I 3.252 i 4.015 
17 .689 .863 1.333 1.740 2:!'10 , 2.458 2.898 · t 3.222 I 3.96S 
18· .688 .862 1.330 1.734 2.101 i 2.44S 2.878 j 3.197 I 3.922 
19 .688 .861 1.328 J.729 2.093 I 2.433 2.861 , 3.174 , 3.883 
20 .687 .860 l.32S l.72S 2.086 2.423 2.845 I 3.153 ' 3.8SO 
21 .686 .859 1.32) 1.721 2.080 2.414 2.831 , 3.135 3.819 · 
22 .686 .858 1.321 1.717 2.074 2.406 2.819 I 3.119 3,792 
23_ • USS.... .....1158 .. iU!9. U.lJ.fl 2.069 2.398 2.807 I 3.104 3.767 
~. .685 .851 .311i 1.711 2.064 2.391 2.797 ,' J.090 3.745 















































































2.056 2.379 I 2. 119 
2.052 2.3731· 2.771 
· 2.048. · 2.368 2. 763 
Jg!f ~:~ g~ 
' 
2.030 . 2.342 I 2. 124 
2.021 2.329- 2.704 
2.014 2.319 2.690 
2.008 2.310 2.678 
2.004 2.304 2.669 
2.000 2.299· . 2.660 
I .994 2.290 2.648 
1.989 2 .284 2-638 
1.986 2.279 2.631' 































.677 .845 1.289 1.658 1.980 2.270 2.617 2.860 J.373 
.6745 .8416 1.2816 1.6448 1.9600. 2.2414 2.5758 2.8070 J.2905 
• Paru oflhil table are reprinted by permission from R. A. Fisher"I S1a1ls1/ca/ Methods 
for Res,arch Work,.,, published by Oliver and Boyd, Edinburgh (192S-19.SO); from Maxine 
Merrington•• ''Tabte of Pen:entage Points of the ,-Distribution.·• Biometrika. 32: 300 ( 1942): 
and from Bernard QstJe'1 S1a1istki In Research. Iowa State Univenity Prcs.5 (1954). 
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APPENDIX H 
SYNTHETIZED DATA AND RESULTS 
89 
PHENOXY:CARBOXYLiC HERBICIDES 90 
The phenoxy-carboxylic herbicides have molecular structures composed 0r (I) an 
aromatic (benzene) ring: (2) an oxygen atom subs1i1u1ed for one hydrogen bond.cd lo 
the ring: (3) a carboxyl group bonded indirectly to the oxyge'! atom, separated from 
·• the oxygen alom by an aliphatic chain of one or more carbon atoms; and (4) various 
substiluents on the ring. 
, 
Members of the phcnoxy-carboxylic herbicide family arc distinguished from one 
another by the length of, and subslituenls on, the aliphatic chain of carbon atoms 
separating. the carboxyl radical from the oxygen atom bonded lo the ring or by lh_c 
particular substiluents and their location on the ring or both. · 
Members of the ph~noxy-carboxylic herbicide family include the folio.wing 
parent acid compound$ and their various salts and esters: 
D 2;4.1) 2,4-dichlorophenoxyacetic add 
• dichlorprop 2-(2,4-dichlorophenoxy) propionic acid 
II 2,4-DB 4-(2,4-dichlorophenoxy) bulyric acid " 





2-(2,4,5-trichlorophenoxy) propionic acid 
2-melhyl-4-chlorophenoxyacetic acid . . 
2-(2-methyl-4-chlorophenoxy) propionic acid 
4-(2-methyl-4-chlorophenoxy) butyric. acid· 
o· 
II 
0 · CH - C - R' ' z . R' equals the following esters: ©·Cl A. Short-chain, hfgh-volatfle esters 
(a) - .O · CH3 methyl ester 
• I 
Cl (b) · 0 · CH2 - CH3 ethyl ester 
CH3 I 
(c) - 0 - CH fsopropyl ester 
I 
CH3 
B. Long-chain, low-'volatile esters 
(a) : 0 c CH2 - CHz - 0 - CHz - CHz · CHz · CHJ 
(b) · 0 - CHz - CHz - CHz - CHz - CH;· ~H · CH3 
CHJ 




butyl ether ester 
tetrahydrofurfuryl ester 
) 
HERBICIDE DOSAGE CALCULATIONS 
When calculating the amou nt of her~cide to apply to a given :.m:a. bear in mind that 
'it is rarely the pure phytotoxic chemical that will be applied but. rather. a for-
mulation in which the herbicide is an ingredient-the active ingredient. 
In general. the first steps i~ the procedure for calculating herbicide dosage arc to 
know (I) which herbicide(s) to use for best results under your particula r set of condi-
tions. (2) what th.c recommended dosage is for the herbicidc(s) used for your 
purpose. and (3) how much herbicide(s) is present in a given quanti ty of the com-
mercia l product (formulation) to be used. 
The product label for the commercial formulation will show the amount of ac-
tive ingredient. or acid equivalent. present in the formulat ion. The amount of active 
ingredient present in liquid formulations (soluble. emulsifiable. nowable) is usually 
staled a!i X pounds (lb) of active ingredient per ga llon of formu latio n (lb/gal). The 
amount of active ingredient present in dry fo rm ulations (wettable powders. granules, 
pellel!i) is commonly expressed as X percent(%) of the formula tion by weight. 
In the United Stales. most. if nol all. state and federal weed-control publications 
present herbicide dosage recommendati qns (or suggested dosages) in terms of X lb of 
active ingredient (or acid equivalent) per acre. Following such recommendations. 
one ma1 make his or her own choice as Lo which commercial product Lo use-mak-
ing certain that the product contains the prescribed herbicide. In contrast, dosage 
recommendaiions cited on labels of commercial herbicidal products commonly are 
expressed as X amo unts (n oz. cups. pt. qt. lb) of that particular formulation for a 
given area . Such labels may also indicate the actual pounds per acre o f active ingre-
dient that will be applied in conjunction with the recommended amoun t of for-
mula tion . 
The following general formulas may be used for solving most herbicide dosage 
determ inations: · 
for liquid formulations (soluble, emulsifiable, flowable [slurry)) : 
gallons o f 
pounds o f active ingredient per acre 




for dry formulations (wettable powders, granules, pellets) : 
pounds of active ingredient per acre 
percent(%) active ingredien t) n formulation 
= pounds of formulation 
requir:ed per acre 
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Ground Speed Determination 
\Vhcn dctcrmining the ground speed of a sprayer. it is convenient to know that a dis-
tance of 176 ft is equal to one-thirtieth of a mile. that is. there arc 30 units 176 ft long 
per milc ( I mile = 5,280 ft). · 
The following formula may be used to determ ine ground speed in miles pcr hour 
(mph): :-
mph= 
3.600 seconds per hour (sec/hr) 120 
30 X time (seconds) to travel 176 f1 time (sec} 
Exa111p/e: 
A sprayer travels over a measured distance of 176 ft in 40 seconds. Determine its 







= 3 mph 
Similarly. a distance of 132 feet is one-fortieth o f a mile. that is. there are 40 units 
132 fl long per mile. 




3.600 seconds per hour (sec/hr) 
40 X time (seconds) to travel 132 ft 
90 
time (sec) 
A sprayer travels a measured distance of 132 ft in 40 seconds. Determine its 







= 2.25 mph 
A general formula for determ ining ground speed of a sprayer is: 
distance (feet) · 
mph= 0.682 X 
time (seconds},_ 
where 0.682 equals the time (seconds) requi red for the sprayer to travel I ft traveling 
at I mph (0.682 sec/ft=:= I mph). 
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>CKS 
) . I. 
) . II. 
?• III. 
Example; Using Synthesized Data 
Table 11 High Quality/ Commercial Grade Cassava 
in Kilogr ams Per Hectar e (Kg/ha) 
Handweeded Cassava (C) Herbicide weeded (E) Differences 
Plots· *(Kg) Tons/ha (Kg)* Yield(d) 
v
1
25 = 13. 4 35 = 18 . 8 5.4 
vi21 = 14. 5 37 = 19.8 5 .3 
Vil = 11. 3 31.3 = 16.8 5.5 
v
4
24 = 12.9 30.5 = 16.3 3.4 
v519 = 10 . 2 34.2 = 18 . 3 8.1 
v
1
22 = 11.8 32 . 25 = 17.3 5.5 
V219 = 10. 2 36 = 19.3 9 . 1 
Vl4 = 12 . 9 30 . 5 = 16.3 3 . 4 
v
4
23 = 12. 3 34 = 18.2 5 . 9 
v
5
20 10.7 35.4 = 19. 0 8.3 
v124 c: 12.9 34.5 = 18 . 5 5.6 
v
2
26 = 13.9 36.1 • 19.3 5.4 
Vl3 = 12.3 33.6 = 18.0 5.7 
v
4
20 = 10.7 31.1 = 16.7 6.0 
V 22.4 = -12.0 28.4 = 15 . 2 3.2 
S(X ) .. 182 . S(~) = 267.8 S(T),.. 85.8 S (d
2
) = 532 . 24 
C 
*Es timated from graph and converted t o t ons/plot, 25 x 1000 x 5 . 36 
10.000 
n c: 15 d = 85 .8/15 = 5 .72 
S{d2) c: 532 . 24 ; S(d) = 85.8 
(Sd)
2 ~ (85 . 8 )2 = 7361 . 64 
and 35 ~ .1000 x 5.36 
10.000 
s2 = S(d2) [S(d)) 2/ n = 532.24 - 490 . 78 = 2 . 96 
n - 1 14 
t, = 0 
-v+ lj 
5 . 72 




Differ en2e Squa1 
d 
29.16 
28 . 09 
30.25 
11. 56 
65 . 61 
30 . 25 
82 . 81 
11.56 
34.81 








When the II t, 11 tabulated (t) is entered with n-1 = 14 degrees of 
freedom, it is found that t .01 (very significant probability level)= 2.977 
and t, .05 (significant··probability level) = 2.145. 
The calculated t, with n-1 • 14 degrees of freedom was compared at t, .05= 
2.145 probability level and it was found that the calculated t,.05 - 13. The 
researcher rejected the Null hypothesis. 
' it appears that there is a statistical significance difference between 
the calculated tat .05· probability level and the tabulated t, at .05 probability 
level. 
The researcher used another formula (ANOVA); to test the reliability 
of the first data analyzed. 
2. t = 
..... _ 
• 
t, = 12.13 + 17.9 ,-...:;;================;=====.==-
\ ( 24.53 + 25.59 ( _..!._ + _!_ 
15 +' 15-2 ., \15 15 , 
t. = 30.03 
100.2~1 1 + 1_\ 
28) 15 15) 
t. = 30.03 ;:::::::=.:::========= 
~ (3.58) (.133} 
t. = 30.03 V 0.476 
t. = 30.03 
.690 
t. = 43.521 
t. .os = 2.048 I 43.521 
Since the calculated ~.OS.= 43.521 is by far greater than the tabulated 
t. .05 = 2.048; the Null Hypothesis is rejected. 
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